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Most care-giver "knowedge" needs arise at the point of
care and are "patient-centered." Many oftse kowledge
needs can be met using existing on-line knowkdge
sources, but the process is too time-consuming, cur-
rently,for even the computer-profcient. We are develop-
ing a set ofpublic domain standards aimed at bringing
potentialty relvant knowedge to the point ofcare in a
straight-forward and timelyfashion. Th stndards will a)
make use ofsekcted itemsfrom a Computer-based
Patient Record (CPR), e.g., a diagnosis and measure of
sevrity, b) anticipate certain care-giver knowkdge needs,
e.g., 'therapy," "protocols," "complications," and c) try
to satisy those needsfrom availabk bkowkdge sources,
e.g., bkowledge-bases, citan datobass, practice
guidelines, and on-line t . The standards will use
templates, i.e.,f ll-in-the-blan structures, to anticipate
knowkdge needs and UMLS@Metahesaurus
enhancements to represent the content ofknowkdge
sources. Together, the stadrds willform the
specVscationfor a "Knowledge-Server" (KS) designed to
be accssedfrom any CPR system. Plans are in place to
test an interin version of this specification in the conte
ofmedical oncology. We are accumulating anecdotal
evidence that a KS operating in conjunction with a CPR
is much more compelling to users than either a CPR or a
KS operating alone.

Dei a all that mattus: God dwells th, and
you neve get to see Him if you don't struagie to
get them right - Stphen Jay Gould[l]

INTRODUCTION

Throughout the 1980's, observers noted that a) the dme
and place when care-givers need access to knowledge-
sources is at the point-of-ce, and b) access to knowledge
sources could be inproved if that access could take advan-
tage of infomadon aready kmown to a Computer-based
Patient Record (CPR). Since the 90s appeas to be the
decade of the CPR, it is dme to plan for the smooth in-
tegradon of Inowledge-access into exisdng and fuue
CPRs. We argue that the best way to achieve this inte-
gration is through the adoption of an interim andard for
ipatent-cted knowledge-access. An "interim" stard
would be devoted to a) what can be done now, and b)
what it is practical to deploy. A long-term sdard
should foUow the development of standads for a CPR.

Our argument has two parts: First, we will describe a
simple method for incorporating selected pieces of infor-
nation from a CPR into knowledge-source queries; sec-
ond, we will propose Ot certain representations used to
implement this method be adopted as the interim stan-

dard The la defmes a way in which nmst knowledge-
source schenias can be represted unifomly, and in
which templats ating on the uniform esentation
can be used to aicipae care-giver kmowledge needs.
The ability to anticipate these needs in a simple but
potally reusable way is anim feature of the
proposed standard. The workings of the proposed
knowledge-access method will be illusa using
examples of some physicimn knowledge needs arising in
the context of medical oncology. Some of these needs
can be satisfied by accessing PDQS, CANCERLIT®,
and Cancer: Priiples & Practice ofOncology[2J
(P&PO), a textbook available in electronic form.
Maximum use will be made of Unified Medical Language
System@n[31 (UM.S) contei and methods.

Folowing emerging convention, we refer to data in a
computer-based patient record as "infomation," and data
in on-line books, citation databases and the like as
knowledge." The implicaton here is that the latter is
both by an authoritative consensus and written
at a level ofabstcionin to apply to more ta
one patient, e.g., "stagem rectal cancer."

THE PROBLEM

Patient eounters in a medical oncology clinic generate
questions such as: "Should I do a bone scan?" "What are
the aopiate staging studies?" "Are there any proto-
cols?" "Whats a taroxifen flare?" "What should I do
about an elevated alkaline phosphatase?" Using PDQ,
CANCERLIT, and P&PO, a computer literate physician
can find relevant information about each of these
questions. The problem is that different skills are
required to use each on-line source, and even a skilled
user may require an hour or more to answer the questions
gea by a single encountr.

Treating everything in ese on-line sources as "textt" to
be sea d using "words" doesn't solve the problem. All
three sources tain the sam words, but they have
ofoundly differtc For exaple, PDQ does

not contain recomm ions on staging studies; instead
it provides deil disussions regarding therapy given
the results ofstaging studies. In principle, both the
P&PO and CANCERLiT discuss the potential utility of
a "bone scan" for, say, Stage I or Stage II breast cancer
patients; but the 3rd (1989) Edition of P&PO says that
"the value ... is a matter of controversy" (p. 1213) while
CANCERLIT lists citations claiming that, for these
patients, the true positive rate for the test is between 2%
and 4%. Further, only P&PO contains instructions on
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how to plan staging studies given a diagnosis, and only
PDQ nta infoation aboutsd andex n-
tai protocols.

Lastly, a KS sdard for oncology is uniUkely to succeed
unless at least portions of the stmadad are adopted for all
of healthcare. Thus, part of the problem is developing an
oncology knowledge-server in such a way that as many
of its components and methods as possible can be rused
by oher health specilties.

THE PROPOSED KNOWLEDGE-SERVER

A saegic goal of the National Cancer Institute (NC!) is
to make oncology knowledge resources available at the
point of care (RJ. Esterhay, MD, personal communica-
tion). Using speech, pen or keyboard input, a care-giver
should be able to use a computer to consult PDQ,
CANCERLIT or an on-line textbook, while in the pro-
cess ofcaring for apatient. A keycompnent of any
such system will be a knowedge-server (KS); a software
module that acts as an intmeiary, or agent, handing
the transaio s between a care-givers knowledge needs
and the knowledge sources that are both available and
potentally relevant to those needs.

We view the UMIS Metathesaurus as a "knowledge-
server development enablincghnology." Without it, a
small inte-disciplinary team could not solve the
knowledge access problem. The concept linking content
and structr in the Metathesaurus need only be
enbaed slightly to provide the connections we need in
the domain of medical oncology. We call this enced
version of theM thesaurus "Meta+".

Coepur-basd Padent Record

~~~~~a

Figure 1 - A Kiowledge-Server (KS) System
Model: Knowing the identity of the patient, the
KS can try to fill the slots in its templates
using information from a CPR An enhanced
version of the UMLS Metathesaurus (Meta+) Is
used to translate terms and retrieve knowledge
(paragraphs) from the sources.

Figure 1, above, attempts to answer the question,
"What is a knowledge-server?" While this model has
helped ential developers and usersum and how a
lmowledge-server might work and why they might want

one, it does not indicate how a Imowledge-server might
be deployed. Su l deployment is nd t upon
software reusability and content exsibility, and these
in tum are d upon standards. Softwae
reusbility means that developed to make the
knowledge-server work unde one set ofc
will be components that can be used again under other
circumstances. Content extensibility meams that new
info n (for ample anew information source) can
be added to the knowledge-erver, withoutcaing the
c po es Xthae thier alredy.

These details areimp to Hospital Iformaton
System (HIS) / CPR vendors and their customers. Both
groupa need to be assured that a knowledge-server can be
aed modified m Aed and talored to local uses

productve, and they want to see clearly where the
bundaries amr between their r b ilities and those of
whoever owns and maintains the knowledgever.
Further they want to understand exactly how infomatin
is exchangedwaoss these boundaies. Figure 2 shows
the four pla where s ards will be necessary if
software reusability and content extensibility are to be
achieved. They ae discussed below.

ConpAw-basd Patnt Record

Figure 2 - The Interin Standard:- To be succes-
fht an Interim standard ought to provide 1) a
syntax and semantics for templates, 2) a way of
asking for and receiving information from a
CPR, 3) a way of enhancing the Metathesaurus,
and 4) a way of representing sources.

STD 1: A reesentation for templates, i.e., fill-in-the-
blank structures (see Figure 3, below) that provide
connections between users, patients, and sources of
inforation.

SMT 2: A specification for the infrmation that will be
exchanged between the Imowledge server and the CPR,
rmitting the CPR to supply automatically what
othewise the cae-giver would have to enter, manually.

STD 3: A rpresentation for Metatsaurus hacements
so that the imp aspects of the templates, knowledge
sources andCPR not already covered by the
M ema rus can be repesented in a ble way.
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STD 4: A represetation for knowledge sources, such as
PDQ, CANCERL1T, or P&PO, so hatacore set of KS
procedures can be reused on each of these sources, and on
new mowledge sources added late.

METHODS

To explore these issues using real Imowledge needs and
Imowledge sources, we implented a prototype[41 of a
knowledge-server suppors access to P&PO, PDQ,
and CANCERLIT. Ealy in our work on this prtotype,
we fomula tree guiding questions: 1) What are some
coon physicimkowledge needs geated by patient
encounts? 2) What pieces of information from a CPR
should be used to help satsy those needs? 3) Exactly
how should the information from the CPR be used by
the knowledge server to try to satidsfy those needs?[5J

Our first step was to formulate two longitdinal
scenAios, one for a breast cancer patient, and one for a
rectal cancer patient In both scenaios, new patient
informadon tended toga new inf Aion needs.
One of us (RWC) atempted to meet these needs using
the three on-line oncology Imowledge sources, while
recording the time required to use them. The sce0nio
provided specific answers to the questions above, e.g.,
"At this point in the scenario what information is likely
to be in the patient's CPR?" Ide tly, the
developer ofOncodisc@ (PBS), and a medical librian
(Ms. Gloria Linder) each used the knowledge sources at
their disposal to try to answer the same questions. LMF,
DDS, and MST reviewed the results, and began to
formlate some Imowledge-server functions to expedite
and impvove the process.

RESULTS

Standard 1 - Templates
As shown in Figure 3, below, the Master Template is
a centraL organizing "point of view" for the oncology
KS, in the form of a fame with named
slots and permissible values for each slot that deended
on the values in other slots. The information in the
right-hand column of this template is what allows other
templates to begin to anticipate care-giver infomation
needs. Care-givers see this "anticipation" in the form of,
say, "buttons" on a screen that cma acquire values from
the Master Template.

Despite its simplicity, this organization proved to be
both robust and very usefuL even when e template is
only parially filled in. For example, even if only the
first four values (down through "Rectum") are known,
this is enough for a "Print patient infomation" button in
the knowledge-server ierfac to activate the Patient
lIformaton Template and retrieve paragraphs about
"Rectal Cancer" from PDQ. Once a value for Stage is
known, the same button can cause the same template to

rieve p-aragrahs regarding, say, "Stage HI Rectal
Cancer". Similarly, additional Imowledge is retrievable
after a value for Histology appears when the pathology
report is available in the CPR. For example, the care-
giver imperatve "Protocols" will yield a shorter list of
potendally relevant protocols than if it had been made
prior to the availability of the pathology report because
some "Rectal Cancer" protocols will be "ruled in" or
"ruled out" given a value for Histology (Adenocarcinoma)
and a Stage (Ill).

Ao Nama SlotYa
Patient Identifier 987654

Age 57
Sex Male

Organ/Systtem/Group Rectum
Histology Adeno-

carcinoma
Stage III

Previous Therapy Resection
Current Therapy CLB-9081

Figure 3 -
Scenario:
been flfed

Master Template for Rectal Caxcer
The values (right-hand column) have
in using Information from a CPR.

More specifically, the request "Staging Studies" will
activate another tplate that retrieves the a a te
sectio of the P&PO chapter on "Colorectal Cancer".
The same request "Inows" to use "Rectal Neoplasms"
and "Neoplasm Staging," both available in the
Metathesaurus, witfi approriate qualifiers, e.g.,
"radionucleotide imaging," as CANCERL1T search terms
to retrieve more recent citations on the subject. Other
anticipated requests, i.e., tenplates, include retrievals for
"Therapy," "Complications," and te like.

Standard 2 - KS - CPR Information Exchange
Once the identity of the care-giver is known to the KS,
the lat can start querying the CPR for new
developments in the care-giver's patients. Given a
patient identfier, basic queries like "What is the most
recent cancer diagnosis available?", where the later is
specified by a range of ICD-CM-9 codes, will be part of
the standI Translating the query into something that
the CPR can understand would be a local implemention
task; similarly, the local implementation would have the
CPR write any result to the KS in the prescribed form -
say a code followed by a dae. If the CPR had this
information represented in another coding system, either
Meta+ would have to be extnded to "understand" that
code, or the infomation would have to be presented on
the screen for the care-giver to translate. The penmissible
(target) choices for the aslation are part of the stdard,
i.e, the oncology KS is prepred to retrieve parahs
about cetain disease entities, called by one of these
names, etc. If the CPR pathology report is not coded,
the sdard will provide a way to ask for and retrieve text
from the CPR. The lattr will be presented to the care-
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giver to interpret, i.e., to convert to permissible slot
values.

Standard 3 - Metathesaurus Enhancements
As described below under Standard 4, the KS assumes
that every "formal" concept name in fte teplates and
the Inowledge sources appears in or has been added to the
Metathesaurus. Mintaining the acents in the
Metathesaurus syntax is easy; maintaining the
Metathesaurus semantics is more difficult, though this
process is gadually becoming exportable to sites outside
the NLM (Betsy Hmphreys, onal communication).
In most case, fte desired concepts and names, e.g.,
"Breast Cancer", are already in theMet us and the
only thing that needs to be added is the fact that some
template or some source also uses that name to mean the
same thing. Of course, the grer the overlap between
any "formal" names in the CPR, e.g., the local names
for lab tests, and the formal names in the templates and
knowledge sources, the more useful the KS will be, but
having this overlap is not a requirement. What is a
requirement is that the enhancements "look" like any
other Metathesaurus data so that procedures designed to

nipulate them will not need to be changed.[6].

Standard 4 Source Representation
Medical oncology covers only a relatively small number
of "diseases," e.g., PDQ contains seventy-eight "Disease
Entities", and the "Pracdce" part ofP&PO ctains
thirty-eight chap, one per cancer or cancer group, e.g.,
"Colo-rectal cancer." Ihe potenally unbounded amount
of detail present in the disussions of therapies and
complications can all be "viewed" through the
organization implied by the structure of the Master
Template, beause most oncology patients acquire an
Organ, Cell Type, and Stage early in their diagnosis and

tment. It proved natural to reorgamize the fomal
schmas of each of the three infomation sources to take
advantage of this observationL In each case, the goal of
the standard pi on is to convert each source into
paragraphs placed in a hierarchy. Each node in the
hierachy is a formal concept to be added to the
Metat rus if it is not already there.

PDQ: Almost all the knowledge in PDQ, i.e., paragap
in a database cema, can be reorganized into a hierarchy
defined by its "Disease Entities". E.g.,

PDQ
Gastrointestinal Cancer
Rectal Cancer

Cellular Diagnosis Rectal Cancer
Adenocarcinoma of the rectum.

For every such "path"lthrough PDQ ther are "Alowable
Quesdons", e.g.,

* Patient_Information
* Stage_Information
* Treatment_Options
* Protocols

* Supportive care
* Screening
* Prognosis

Somewhat less intuitively, almost all the information in
the "Practice" part of P&PO and most of the citations in
CANCERL1T can be organiz into similar hiearchies.

CANCERLIT: Almost all the potentially relevant
knowledge in CANCERLIT, i.e., citations with index
terms, can be placed in two hierarchies - one classifying
neoplasms by site, the other classifying them by
histology. These hierarchies are the e ive sube
in MeSH (Medical Subject Heings), the naming
system used to classify the citations. One source of
"allowable questions" are the MeSH subheadings, e.g.,
"/complications".

P&PO: Almost all the knowledge in P&PO, i.e., the
pgahs in the chapters making up the "Practice" part
of the textbook can be placed in a hierarchy extracted
from the Tabk ofContents. One source of "allowable
questions" are the chapter subheadings, e.g., Staging.

Browsing: Wen themplaes fail to anticipate care-
giver knowledge needs, the knowledge-server will need to
suppot browsing. For example, we do not yet plan to
make th Complications Template specific for answeing
te queson, i the context of Breast Cancer, "Wh's a
tamoxifen flaue?" Forunately, this is exactly the kind of
thing an index is good for, and uses wbo search
CANCERLIT using the appropriate words will be led to
some relevant papers on the subject Indexes for all three
sources wil be ed using the stndard "word-index"
software now available as pat of theUMLS Knowledge
Sources. Similrly, users wishing to browse "top down"
can navigate using the hirarchy available foreah
source, or they can navigate using Meta+, as the la
will contain all the concepts and rtihip from eah
knowledge source hierarchy. Hving a Table of
Ctents, i.e., hierchy, and idex for each source will
not solve all browsing problems; but having them
available uniformly, simply, and transparently, will
make them easy to use, and care-givers will need to lean
only a single set of "navigation" conventions.

DISCUSSION

The point of having a patient-centered kmowledge-acces
andard is to create both intellecual and co eial

eownomies of scale. Ifwe could all access the same
repertire of national resources, and some local ones in
additon, using the same, or simila, software, there
would be more incentive to make kmowledge sources
available, and to maintain them, and more incentive to
create and maintain the reqired softwe.

Generalizing to Other Specialties
While fte prototype tkes advantage of the fact that most
cancer patients soon acquire a primay site, a hisologc
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classification, and, eventually, a stage, notiing we have
done limits the applicability of the method to medical
oncology. In fact, some early viewers of the prototype
quickly proposed the development of emplaes for other
specialties, e.g., pediatric pulmonology. One of us
(SJN) will be examining the utility of representing
MKSAP (Medical Knowledge Self-Assessment Program)
and AHCPR Practice Guidelines in this way.

It will not be lost on most readers of this paper that a
stard tminology for clinical medicine, nursing, and
other domains, would elimin about half of the work to
be done to incorporate any new Imowledge source. But
we are still some distance from having a single such a
corpus. In the near term, increasing clinical coverage in
the Metahesaurus e.g., that provided by SNOMED
Intnational (SNOMED I1)17], seems to be the best
altenative available.

Near Term Goals
Our near term plans call for making a simple stad-alone
version of the knowledge-server that collabotors and
selected users may access over the Intenet. This version
will support three modes of access: UNIX-lik comands
(line-based), UNIX curses (ASCII terminal-based), and X-
windows (bit-mapped-based).

We have tentative arrangements with five HIS/CPR
vendors, namely, First Data Corp., HBO & Company,
Second Foundation, Inc., SMS (Shared Medical Systems,
Inc.), and TDS Healthcare Systems Corp., to evaluate the

tial of a medical oncology knowledge-server
accessible from their systems. Not surprisingly, the
most difficult part of this evaluation will be the mews
by which information is extracted from the CPR. In
some cases, the Imowledge-server will emulate a user
request for a patient attribute, and the CPR will write the
result to a file where the kmowledge-server will read it.
Obviously, a longer-term objective is to develop some
sort of standard alation method that can be used by
all vendors. Ongoing work at Columbia Presbyterian
Hospital (Sideli, et al.) suggests that the HL/7 standard
may suffice.

An Interim Standard
An interim smndard for the KS should take into account
user patients, CPRs, and knowledge sources not only
as they exist today but also as they will exist in the near
future. A suc l sdard will provide incentives for
the development of useful and compatble CPRs and KS;
it may even help shape a consensus on design
Specifications for subsequent versions of these products.
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